Synthesis of zinc oxide nanoparticles, iron oxide nanoparticles and Zn-Fe nanoparticles using pulse laser ablation method has been conducted. Experimentally, a pulse Nd:YAG laser (1064 nm, 7 ns, 35 mJ) was directed and focused on a metal plates of pure Zn and Fe, which are placed in the liquid medium of polyvinyl pyrrolidone (PVP). The PVP functions as a stabilizer agent. The results show that the produced nanoparticles have a spherical shape with an averaged diameter of Zn-Fe nanoparticles of 13 nm. FTIR and XRD test results of Zn-Fe nanoparticles show characteristics of Zn-Fe compounds. The examination of Zn-Fe nanoparticles as MRI contrast agents was carried out by varying the concentration of nanoparticles. Cenh calculation results showed the highest contrast enhancement occurred at a concentration of 1.25 mM with a value of 64.26% for T1 weighted images, and 81.52% for T2 weighted images. The SNR calculation results show the highest value at a concentration of 1.25 mM of 70.52 for T1 weighted images. The highest SNR value in the T2 weighted image at a concentration of 0.156 mM of 165.09.
Introduction
The development of medical imaging technology has been increasingly rapid and sophisticated. One of the medical imaging technologies used recently is Magnetic Resonance Imaging (MRI), which can produce three-dimensional (3D) images of the body. Although it said to be sophisticated, in MRI imaging technology, there are still many challenges that must be faced so that the diagnosis is more accurate, such as taking into account the presence of various artifacts (air bubbles, calcification) or limited sensitivity [1] . In addition, it is quite difficult to distinguish tissue with almost the same density so that this can interfere with the diagnosis process. The application of contrast agents makes it possible to eliminate some of these problems. Contrast agents have an important role by increasing the contrast between normal and abnormal tissue. By improving image quality, organs with almost the same density can be clearly distinguished thereby increasing MRI sensitivity [2, 3] .
Nanomaterials have good potential in the field of medical diagnosis. Nanoparticles (NP) as contrast agents are promising strategies for noninvasive diagnosis based on the results of in vivo and in vitro tests that have been carried out [4] . So far, the contrast agent that is commonly used in MRI is gadolinium. However, the results of recent research indicate that gadolinium can harm the body because it accumulates in the brain and other body tissues [5] .
Research in recent years shows that iron nanoparticles have good potential to be used as an MRI contrast agent. This relates to superparamagnetic properties, biodegradability, and surfaces that are easily modified with biocompatible coatings [6, 7] . Iron nanoparticles have been shown to improve image quality based on in vitro and in vivo test results with low toxicity values, with 90% cells remaining for 24 hours at high concentrations of 100 μgmL-1 iron [8] . Iron nanoparticles can be combined with zinc because of lower Zn + toxicity. Zn-Fe nanoparticles are good candidates for MRI contrast agents because the allowable dose of RDI (Reference Daily Intake) for iron and zinc are 18 and 15 mg days respectively, which is much higher than other biocompatible materials [9, 10] .
Several chemical methods have been used for the synthesis of Zn-Fe nanoparticles, including the hydrothermal method [11] , precipitation method [12] , and combustion method [13] , but the methods require complicated procedures and require chemicals as surfactants. Furthermore, this causes the nanoparticles produced to have low purity so that it is not appropriate to be applied in the health field. Another method used for nanoparticle synthesis is pulse laser ablation. In this method a high-power pulse laser is focused on the metal surface placed in the liquid to produce colloidal nanoparticles. Compared to chemical methods, the laser laser ablation method does not require complicated processes, is environmentally friendly, and high purity nanoparticles can be produced because they do not require surfactants in the synthesis process [14] . The laser ablation process of pulses on the metal surface of zinc and iron will induce the formation of zinc and iron nanoparticle colloids without the use of organic surfactants, so that nanoparticles with high purity are produced [15, 16] . However, in those researchs, high energy of laser pulse was used and the liquid used as the medium is pure water.
In this present work, synthesis of Zn-Fe nanoparticles were made using pulse laser ablation method utilizing a pulse Nd;YAG laser with a quite laser energy of 35 mJ in the pure water and polivinil pirolidon (PVP) as liquid medium.
The nanoparticles were then characterized to obtain information on morphology, size distribution, and elemental composition. The Zn-Fe nanoparticles were then applied as a contract agent in MRI.
Experimental procedure
Experimental setup used in this work is shown in Fig. 1 . A pulse Nd:YAG laser (1064 nm, 7 ns, 35 mJ) was irradiated and focused on a high purity metal plate of Zn and Fe, which were placed and immersed in a aquades or PVP medium. The pulse laser used 10 repetition rate during data acquisition. A luminous plasma was then produced just on the surface of metal plate and finally diminished and dispersed into the aquades to produce colloidal nanoparticles. To produce colloidal Zn-Fe nanoparticles, colloidal zinc nanoparticles were firstly synthesized from the Zinc metal plate. The synthesis of colloidal Fe nanoparticles was subsequently produced from the Fe metal plate. Finally, the colloidal Zn and Fe nanoparticles were mixed, and the laser beam was focused on the mixture to produce colloidal Zn-Fe nanoparticles.
The produced colloidal Zn, Fe, and Zn-Fe nanoparticles were then characterized by using SEM-EDX, TEM, UV-Vis, and FTIR to obtain morphology, size distribution, and elemental composition of colloidal nanoparticles.
Results and discussion 3.1 Syntesis of colloidal zinc oxide nanoparticles in pure water and PVP
First, syntesis of colloidal zin oxide nanoparticles in aquades and PVP was performed. Zinc oxide nanoparticles were synthesized using a Nd: YAG pulse laser with an energy of 35 mJ, a repetition rate of 10 Hz at a wavelength of 1064 nm and a pulse width of 7 ns. The ablation process was carried out for 80 minutes. Figure 2 (a) and 2(b) shows colloidal zinc oxide nanoparticles in pure water and 0.5 mM PVP medium, respectively. It can be observed that there is a color difference between colloidal zinc oxide nanoparticles synthesized in distilled water and PVP. The colloidal zinc nanoparticles synthesized in pure water medium have a brownish yellow color and are cloudy, while the colloidal zinc in the PVP medium is much clearer. The zinc oxide nanoparticles that are formed are highly reactive and tend to react with the surrounding environment, and react with each other so that they are easily agglomerated. In the PVP medium the agglomeration process can be reduced, because the PVP liquid which is a polymer will coat the outer surface of the zincoxide nanoparticles thereby limiting their interaction with the surrounding environment. Therefore, the use of PVP as a liquid medium can produce a good stability of colloidal nanoparticles. The addition of PVP as a stabilizer produces zinc oxide monodispersion nanoparticles and prevents agglomeration. Figure 3 shows absorption spectrum of colloidal zinc oxide nanoparticles in pure water (blue line) and PVP (red line). It is observed that the full width of half maximum of the spectrum of the zinc oxide nanoparticle colloid in the PVP medium is much narrower compared to the spectrum of the colloidal zinc oxide nanoparticle in a pure water. The narrower spectrum shows that the produced nanoparticles have a smaller size, while the wide peak is an indication of the formation of large particles and the possibility of agglomeration. This result will be further proven by calculating the size distribution of zinc oxide nanoparticles in pure water and PVP. Figure 5 shows the distribution of zinc oxide particles histograms in pure water and PVP at 35 mJ laser energy. From the calculation results obtained zinc oxide nanoparticles synthesized with distilled water medium has an average diameter of 28 nm, while zinc oxide nanoparticles synthesized in PVP medium have an average diameter of 11 nm. Based on these values it can be seen that zinc oxide nanoparticles synthesized in PVP medium have a smaller average diameter. This is because the addition of PVP can reduce the agglomeration of zinc oxide nanoparticles.
Synthesis of iron oxide nanoparticles in PVP medium
Synthesis of iron oxide nanoparticles by pulse laser ablation method has been carried out. Synthesis of iron oxide nanoparticles was carried out at 35 mJ laser energy, a repetition rate of 10 Hz, and a pulse width of 7 ns in a 5 mM PVP medium. 35 mJ laser energy was chosen because it is considered the most optimal, lower laser energy produces nanoparticles with small concentrations so that it takes longer ablation time, while laser energy that is too high can produce nanoparticles with high concentrations quickly but nanoparticles produced are very easy to experience agglomeration. 5 mM PVP medium is used in the synthesis of iron oxide nanoparticles to produce stable colloidal iron oxide nanoparticles. Colloidal iron oxide nanoparticles are shown in Fig. 6 . Based on these images it can be observed that colloidal iron oxide nanoparticles have a reddish yellow color. Morphological features of iron oxide nanoparticles were obtained using TEM devices. TEM images are then used to calculate the size distribution of iron oxide nanoparticles by utilizing the imageJ software. Morphological description of iron oxide nanoparticles and histogram of the size distribution of nanoparticles are shown in Fig. 7 . It can be observed that iron oxide nanoparticles synthesized using the laser laser ablation method in the PVP medium have a spherical shape. In addition, the synthesis of iron oxide nanoparticles in a 5mM PVP medium produces small sized iron oxide nanoparticles with a diameter of 4 nm. 
Synthesis of colloidal Zn-Fe nanoparticles
In the synthesis of Zn-Fe nanoparticles, the PVP medium was used to produce nanoparticles that are stable and not easily agglomerated. To make a mixture of colloidal nanoparticles, colloidal zinc oxide nanoparticles in the PVP medium were mixed with colloidal iron oxide nanoparticles in a PVP medium. The synthesis parameters for iron oxide nanoparticles are the same as the parameters used in the synthesis of zinc oxide and iron oxide nanoparticles, namely 35 mJ laser energy and laser repetition rate of 10 Hz. The mixture was stirred with an ultrasonic bedge to obtain a homogeneous mixture. The mixture was then irradiated by a laser beam for 6 hours. Figure 8 shows colloidal zinc oxide nanoparticles, iron oxide nanoparticles, and Zn-Fe nanoparticles. It is seen that colloidal zinc and iron nanoparticles have orange color due to the mixing of clear zinc oxide nanoparticles with reddish yellow iron oxide nanoparticles. The morphology of the colloidal Zn-Fe nanoparticles was obtained by TEM as shown in Fig. 9 . Based on these images, it can be seen that most nanoparticles have a spherical shape. The TEM image results were then processed using imageJ software to obtain a histogram of the distribution of Zn-Fe nanoparticles. Figure 10 shows distribution of colloidal Zn-Fe nanoparticles obtained by using the present pulse laser ablation technique. Based on the calculation results, the averaged diameter of the colloidal Zn-Fe nanoparticle mixture is 13 nm. Furthermore, to determine the bonding of atoms formed from Zn-Fe colloid nanoparticles, an FTIR and XRD analysis was performed. The FTIR spectrum of the mixture is shown in Fig. 11 . FTIR spectroscopy shows the position of the ions involved in the crystal lattice through its vibrational mode. The spectrum recorded in the range of wave numbers between 4000 and 400 cm-1. As is seen in the figure, 3434. the bond between the cation-oxygen on the octahedral and tetrahedral sides. XRD analysis was carried out to determine the crystal structure of the mixture of the produced Zn-Fe nanoparticles. For XRD analysis 1 ml of Zn-Fe nanoparticles were dripped on a 1 cm x 1 cm silicon carbide plate and then dried at room temperature for 24 hours. The XRD spectrum of Zn-Fe nanoparticles is shown in Fig. 12 . 
In vitro study of Zn-Fe Nanoparticles as an MRI Contrast Agent
The Zn-Fe nanoparticles produced in this study was then evaluated as a contrast agent in MRI via invitro studies. To this end, Zn-Fe nanoparticles in PVP medium were diluted using distilled water with concentrations of 0.156 mM, 0.313 mM, 0.625 mM and 1.25 mM. Nanoparticles with varying concentrations were then inserted into 2 ml vial tubes. The vial tubes containing Zn-Fe nanoparticles are arranged in such a way in an MRI plane. Apart from that, a vial tube containing distilled water was used as a comparison.
To test Zn-Fe nanoparticles as an MRI contrast agent, a scan was performed to obtain T1-weighted and T2-weighted images. TI-weighted MRI images were obtained by spin-echo squence, with variations of TR 536 and TE 12 ms. T2-weighted images were obtained by spin-echo sequences with TR variations of 2000 and TE of 100 ms. T1-weighted and T2-weighted images for each variation of nanoparticle concentration are shown in Table 1 . It can be observed that the image of dark water in the T1-weighted image for TR and TE is short. In T2weighted images, water will appear very bright with the old TR and TE settings. The image was then processed with imageJ software to calculate the signal intensity of each sample. The signal intensity value obtained was then used to calculate important variables that determine the image quality, namely contrast enhancement (Cenh) and Signal-to-noise ratio (SNR). Graphs of Cenh and SNR values in T1weighted and T2-weighted images for variations in sample concentration are shown in Figs. 12 and 13 , respectively.
Based on the results of the Cenh calculation, an increment in contrast happens in the T1-weighted and T2-weighted images. This shows that the Zn-Fe nanoparticles produced in the study can be used as contrast agents in T1-weighted and T2-weighted images. The highest contrast increament was obtained at a concentration of 1.25 mM with an increment of 64.26% for T1-weighted images and 81.52% for T2-weighted images. Zn-Fe nanoparticles synthesized in this study provide improved contrast in T2-weighted images, in accordance with previous studies of Zn-Fe nanoparticles suitable for use as MRI T2 image contrast agents (Barcena, 2008; Hoque, 2016 ). The SNR calculation shows that the SNR at T1weighted increases with increment of Zn-Fe nanoparticle concentration, while the SNR at T2weighted decreases with the increment of nanoparticle concentration. The highest SNR at T1weighted was obtained with the concentration of 1.25 mM, while at T2-weighted the highest was 0.156 mM.
Conclusion
Synthesis of colloidal zinc oxide, iron oxide, and Zn-Fe nanoparticles has been successfully carried out by using pulse laser ablation method utilizing a pulse Nd:YAG laser with a laser energy of 35 mJ and a repetition rate of 10 Hz. The results confirmed that all nanoparticles have a spherical shape. The colloidal nanoparticles of zinc oxide, iron oxide, and Zn-Fe have transparant, reddish, and orange colors, respectively. The averaged diameter of the colloidal Zn-Fe nanoparticle mixture is 13 nm. Based on the results of the Cenh calculation, an increment in contrast happens in the T1-weighted and T2weighted images. This shows that the Zn-Fe nanoparticles produced in the study can be used as contrast agents in T1-weighted and T2-weighted images.
